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We utilize near-infrared pump – mid-infrared probe spectroscopy to investigate the ultrafast
electronic response of pressurized VO2. Distinct pump–probe signals and a pumping threshold
behavior are observed even in the pressure-induced metallic state showing a noticeable amount of
localized electronic states. Our results are consistent with a scenario of a bandwidth-controlled
Mott-Hubbard transition.
Vanadium dioxide (VO2) exhibits a sharp insulator-to-
metal transition (IMT) accompanied by a transformation
from the monoclinic to rutile crystal structure above a
critical temperature Tc = 340 K [1]. The strong cou-
pling between electronic and lattice subsystems during
the phase transition has attracted continuing interest for
more than a half century [2–4]. The dimerized vanadium
chains of the monoclinic phase suggests that a Peierls
distortion underlies the insulating state, but electronic
correlation leading to the carrier localization typical of
a Mott insulator is also observed [5–8]. The IMT in
VO2 under the influence of temperature [6, 9–11], strain
[12–14] and chemical substitution [15, 16] has been ex-
tensively studied. Some of these studies show that the
electronic and structural phase transitions are separable
within certain temperature ranges, pointing to a primary
role for electron correlation as the driving mechanism for
the IMT [10, 12].
Application of external pressure offers an attractive
way to distinguish the influence of the structural insta-
bility from the correlation effects on the IMT in VO2. At
sufficiently high pressures, VO2 becomes metallic while
keeping the dimerized monoclinic structure [17–22]. Ex-
ternal pressure induces only an isostructural transforma-
tion of the lattice at room temperature [21–23]. Thus, in
this case the pressure-driven IMT should be dominated
by changes in the electronic band structure which is nec-
essarily different from that of the temperature-induced
IMT. Therefore, it is highly desirable to unravel how
the band structure of the monoclinic metallic phase VO2
changes under high pressure. Unfortunately, in a high-
pressure diamond anvil cell (DAC), conventional photoe-
mission spectroscopy cannot be used, and X-ray absorp-
tion spectroscopy suffers from limited energy resolution
[19].
Information about the electron and lattice dynamics
in VO2 can be obtained using time-resolved techniques
that probe the evolution of the non-thermal IMT [10, 24–
35]. In particular, time-resolved photoemission spec-
troscopy [32] and ultrafast electron diffraction [33] have
shown that a transient monoclinic but metallic phase can
be induced via photoexcitation. A transient monoclinic
metallic phase has also been reported for pressurized VO2
[36] using time-resolved reflectivity.
Here we combine an ultrafast near-infrared pump and
mid-infrared spectroscopy in a high-pressure DAC to in-
vestigate the non-equilibrium dynamics of the pressure-
induced IMT in VO2. Our results provide evidence
that near-infrared pumping induces additional long-lived
charge carriers – even in the pressure-induced metallic
phase. The utilized method of the non-degenerate non-
linear spectroscopy enables us to trace the evolution of lo-
calized, weakly localized and fully delocalized electronic
states in VO2 across the pressure-driven IMT, and to
draw conclusions about the appropriate correlated band
structure.
We use VO2 single crystals grown by thermal decom-
position of V2O5 [11, 37]. The samples were polished
to thicknesses of 20–30 µm and cut into pieces of around
100 µm in diameter. A single piece of VO2 was mounted
in an opposing-plate DAC. CsI powder was used as a
pressure transmitting medium in order to ensure a di-
rect contact between the sample surface and the front
diamond anvil. The pressure inside the DAC was moni-
tored via a standard ruby fluorescence method [38].
Our pump–probe setup is based on a Ti:sapphire laser
amplifier system, providing 55 fs long pulses centered at
λ ≈ 800 nm (1.55 eV) with a repetition rate of 250 kHz.
A portion of the beam was used for the pumping branch,
whereas the remaining part was utilized to generate
probe pulses at λ = 10µm (0.12 eV or 30 THz) using dif-
ference frequency mixing between signal and idler pulses
from a parametric amplifier. The pump and probe beams
were focused non-collinearly on the sample inside the
DAC down to a spot size of 30-50 µm (FWHM). We then
measure the change in reflectivity ∆R of photo-excited
VO2 with respect to the reflectivity R in the unexcited
state. The small photon energy of the probe beam (well
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2below the band gap energy Eg = 0.6 eV of VO2 at am-
bient conditions) ensures that the pump–probe signal is
dominated by the response of free charge carriers [28, 29].
Figure 1(a) shows the change of the pump–probe signal
of VO2 at 2.1 GPa measured for different pump fluences.
All of the curves show a quasi-instantaneous increase of
the reflectivity – limited only by the durations of the
pump and the probe pulses. The onset is followed by
a fast relaxation with a time constant of approximately
0.2 ps [37]. At low fluence (green trace), the pump–probe
signal vanishes after about 1 ps indicating a return to
complete localization of the photo-excited charge carri-
ers. At pump fluences above a threshold Φth a persistant
enhanced reflectivity reveals the creation of a metastable
metallic phase [see the orange and red trace in Fig. 1(a)].
This state survives for hundreds of picoseconds in agree-
ment with previous studies [27, 39, 40]. All of these obser-
vations are fully consistent with the results for ambient
conditions published previously [28]. The threshold flu-
ence Φth corresponds to the photoinjection of a critical
density of free charge carriers that screen the Coulomb in-
teraction and thus induce the collapse of the energy gap,
thus leading to the metastable metallic state [10, 28, 32].
The volume of the metastable metallic phase and corre-
spondingly the amplitude of the persistent pump–probe
signal grows, when the incident pump fluence Φ is in-
creased above the threshold Φth. This is related to the
fact that the penetration depth of the mid-infrared probe
and the sample thickness are much larger than the ab-
sorption length of the near-infrared pump; the photoex-
citation switches only a relatively thin surface layer of
the VO2 crystal.
Remarkably, in contrast to the low-pressure regime, at
elevated pressures the long-lived excited state is already
observed at pump fluences below the threshold as shown
in Fig. 1(b). This becomes more obvious when we plot
pump–probe signals averaged around 1 ps (where the re-
laxation process is already completed) as a function of
the pump fluence. Figures 1(c) and 1(d) show such plots
for the same pressures as for Fig. 1(a) and 1(b), respec-
tively. The threshold behavior is clearly seen in both
cases. In contrast to previous works [28–30], the thresh-
old is no longer well-defined by the crossing of the high-
fluence asymptote with the x-axis, since finite signals are
observed down to the lowest pump fluences. Therefore,
we define Φth as a crossing point (marked by red arrows)
of the two asymptotes (dashed gray lines) illustrated in
Fig. 1(c) and (d). Details of the bi-asymptotic fit func-
tion are given in [37].
The analysis of pump–probe traces at different pump
fluences and various pressures reveals two main parame-
ters that exhibit anomalous pressure behavior: (i) thresh-
old fluence Φth and (ii) slope of the low-fluence asymp-
tote denoted as m1 [37]. Figure 2 shows the pressure
dependence of these key parameters together with the
linear (unpumped) transmissivity and reflectivity at the
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FIG. 1. (color online). Calibrated pump–probe signals for dif-
ferent pump fluences Φ at T = 300 K and hydrostatic pressure
of (a) 2.1 GPa and (b) 11.3 GPa. Time-averaged pump–probe
signals for delay times between 0.8 and 1.2 ps [highlighted as
grey area in (a) and (b)] versus pump fluence for (c) 2.1 GPa
and (d) 11.3 GPa. Black squares represent experimental data,
the blue lines show corresponding fits. The crossing point of
the asymptotes of the fits (dashed lines) determine the thresh-
old fluence Φth.
probe photon energy. Starting from ambient pressure,
the threshold fluence Φth monotonically increases up to
a critical pressure pc of 6-8 GPa as shown in Fig. 2(a).
A higher threshold fluence means that more free carriers
have to be photoinjected to overcome the correlations and
to induce the metastable metallic state. This trend con-
trasts sharply with the behavior of the thermally driven
IMT where a noticeable decrease of the threshold flu-
ence on approaching Tc has been reported [29, 30]. Most
probably this difference is related to the stiffening of the
dimerized lattice structure under pressure; that makes
the vanadium dimers even more stable and thus raises the
energy barrier to the metallic rutile phase. A stiffening
of phonons observed in the pressure-dependent Raman
measurements [17, 21] as well as enhanced dimerization
of the vanadium sublattice seen in X-ray scattering [20]
confirm this interpretation. Furthermore, the observed
increase of Φth with pressure is consistent with the re-
cently reported growth of Tc in VO2 under pressure and
the estimations of the corresponding increase in the la-
tent heat of the IMT [22].
Around the critical pressure pc we observe an anoma-
lous drop of Φth. Remarkably, it coincides with the van-
ishing of the linear transmissivity [Fig. 2(c)], the start
of the increase in the reflectivity [Fig. 2(d)] as well as
the onset of a finite slope m1 of the low-fluence asymp-
tote [Fig. 2(b)]. This effect is highly reproducible and
has been observed in independent measurements on three
different VO2 samples as presented in Fig. 2. We inter-
pret the observed anomaly as a pressure-driven IMT in
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FIG. 2. (color online). (a) Threshold fluence Φth and
(b) slope m1 obtained from the fitting as functions of pres-
sure for three different VO2 crystals (corresponding to differ-
ent colors and symbols). (c) Normalized linear transmissivity
and (d) reflectivity of VO2 versus pressure.
VO2. Our results for the linear mid-infrared response
agree with the work of Arcangeletti et al. [17] where
this phenomenon was reported for the first time. The
sharper drop in our transmission-versus-pressure data
can be explained by the much larger thickness of our
sample. The reflectivity starts to increase for p > pc due
to the presence of delocalized charge carriers and con-
tinues to grow as their density and correspondingly the
plasma frequency become larger. In agreement with pre-
vious reports [17, 18, 21, 23], our complementary high-
pressure Raman measurements confirm that VO2 sam-
ples also preserve the monoclinic crystal structure far
above pc [37].
Let us now discuss the nonlinear response of VO2 in
the pressure-induced metallic state. The similar shape of
the pump-probe response beyond the critical pressure pc
[see Fig. 1(b)] indicates that the majority of vanadium
d-electrons remain localized even in the pressure-driven
metallic phase and a photoexcitation is still able to in-
duce a phase with a higher conductivity. Moreover, the
finite values of the threshold fluence [see Fig. 2(a)] sug-
gest that the photo-induced metallization for p > pc is
governed by the same mechanism as for pressures below
pc. The observed drop of Φth above the IMT can be re-
lated to the finite pressure-induced density of free charge
carriers that should lead to a partial screening of the
Coulomb correlation. As a result, fewer photoinjected
carriers are required to achieve the critical concentration
that closes the band gap.
A further increase of pressure up to 23 GPa causes
gradual lowering of Φth indicating that the density of
free charge carriers grows with pressure. Nevertheless,
it remains below the critical concentration necessary for
complete suppression of the carrier localization. This is
consistent with the behavior of the pressure-dependent
reflectivity that monotonically increases up to the high-
est pressures – suggesting that the plasma frequency of
free charge carriers just slightly exceeds the frequency
of our mid-infrared probe. Assuming an electron mass
m∗ ≈ 2me [6], we estimate the density of free electrons
to be roughly 2 × 1020 cm−3 – still a factor five lower
than the critical concentration of 1021 cm−3 needed for
the photo-induced phase transition at ambient pressure
[29]. At high pressures, the critical concentration may be
even higher. Thus, the equilibrium density of free carri-
ers for p > pc is still well below the critical limit, that
could be the reason for the quite moderate decrease of
the threshold beyond pc.
The pressure-induced IMT also leads to the onset of
a non-vanishing slope m1 of the low-fluence asymptote
[see Fig. 2(b)]. This means that for p > pc even pumping
well below a threshold fluence can induce a metastable
metallic phase with enhanced reflectivity, as illustrated in
Fig. 1(b). In other words, a certain amount of long-lived
free charge carriers directly proportional to the number of
pump photons can be added without reaching the critical
concentration for a band gap collapse. Thus, the appear-
ance of a finite m1 is expected to be a non-cooperative
phenomenon related to the photoexcitation of weakly lo-
calized states (WLS) located near the Fermi level.
The observed behavior of the pump–probe response
across the pressure-driven IMT can be understood on
the basis of the tentative band diagrams depicted in
Fig. 3(a)-(c). Figure 3(a) shows the band structure of
VO2 at ambient conditions established in previous stud-
ies [2, 5, 9]. The t2g vanadium orbitals overlapping along
the aM axis [29] form two relatively narrow bands usu-
ally denoted as d‖. The low- and the high-energy bands
correspond to bonding and antibonding combinations of
electronic orbitals on a vanadium dimer, respectively.
Due to the on-site Coulomb repulsion U of t2g electrons,
the lower and upper Hubbard bands are formed on the
lower and upper energy ends of the d‖ bands, respectively
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FIG. 3. (color online). (a), (b) and (c) schematic energy
bands of VO2 for (a) insulating monoclinic phase at ambient
conditions (T < Tc and p < pc), (b) pressure-driven metallic
phase and (c) temperature-driven metallic rutile phase. The
qualitative drawing of the density of states (DOS) as function
of the energy E is restricted to the surrounding of the Fermi
energy EF; in (b) appear weakly localized states (WLS) and
a quasiparticle peak (QP), while the upper Hubbard band
is above the shown energy scale. (d) calibrated pump–probe
signal in reflectivity for different pressures p at T = 300 K and
pump fluence Φ = 11 mJ/cm2. (e) calibrated pump–probe
signal in reflectivity at ambient pressure and Φ = 11 mJ/cm2
for T < Tc (blue line) and T > Tc (red line).
[5]. In our qualitative band diagrams, we present both
bands as somewhat broader d‖ bands. The band gap is
formed between edges of the lower d‖ band and the epig
band. Photoexcitation promotes the localized electrons
from the d‖ band into the high-energy delocalized states
[red arrow in Fig. 3(a)] leading to the transient increase
of reflectivity.
In our measurements, we observe photo-induced free
charge carriers typical of the insulating VO2 phase well
above the pressure-induced IMT – in stark contrast to
the temperature-induced transition. This difference be-
comes clear by comparing the pump–probe signals mea-
sured on our VO2 using the same excitation fluence for
different pressures [Fig. 3(d)] and for different tempera-
tures [Fig. 3(e)]. For temperatures above Tc, the metallic
VO2 phase possesses the rutile crystal structure without
the dimerization. Thus, d‖ bands become degenerate and
cross the Fermi level together with other t2g bands [see
Fig. 3(c)] resulting in a complete delocalization of all 3d
electrons of vanadium ions. Therefore, the photoexcita-
tion increases the electronic temperature, but it does not
lead to an increase in the total number of free charge car-
riers. Correspondingly we observe a very weak negative
change in ∆R/R for T > Tc as shown by the red trace
in Fig. 3(e). In contrast to this, the pressure-induced
metallic state of VO2 is monoclinic [37] suggesting that
the d‖ bands remain split. The drop of the threshold flu-
ence leads to an enhanced photosusceptibility [37], and
the sizable pump-induced ∆R/R for p > pc signals shown
in Fig. 3(d) indicate that a large part of the 3d electrons
are localized, i.e., they occupy states in a band which
does not cross the Fermi level. This assumption is sup-
ported by the X-ray absorption measurements by Marini
et al. [19] which show that the spectral weight transfer
needed to achieve the pressure-induced metallic mono-
clinic phase is much smaller than for the temperature-
driven transition to the rutile phase.
In addition, as discussed above, the appearance of fi-
nite m1 values suggests the existence of weakly local-
ized states WLS for p > pc. These conclusions result
in the tentative band diagram shown in Fig. 3(b). It
assumes that the band splitting is also preserved above
the pressure-induced IMT, and the metallic conductiv-
ity originates from a spectral weight transfer to a nar-
row intragap quasiparticle peak (QP) at the Fermi level.
Its low-energy satellite represents the WLS. At elevated
pressures well above pc, the QP gains more spectral
weight leading to higher metallic conductivity in line
with the observed increase in reflectivity [Fig. 2(d)].
At the same time, the pump–probe signal ∆R/R be-
comes smaller since the photo-induced relative change
in the density of free charge carriers decreases for a given
pump fluence [see the decrease from orange to red trace
in Fig. 3(d)]. Finally, m1 vanishes at high pressures
[Fig. 2(b)] indicating that the WLS merges with the QP.
We now discuss the scenario of the pressure-induced
IMT in VO2 via the suggested band diagram. Our data
convincingly demonstrate that the dimerized monoclinic
structure is preserved across the IMT and even becomes
more stable under an initial pressure increase. Thus,
the intimate coupling between the electronic and lattice
subsystems characteristic of the temperature-driven IMT
does not take place for the pressure-induced IMT which
should have a predominantly electronic origin. The sim-
plest scenario in this case is an IMT in the nondegenerate
Hubbard model. Single-site dynamical mean field theory
(DMFT) calculations for such model show that an in-
creasing portion of spectral weight is transferred from the
lower and upper Hubbard bands to a quasipartcle peak
at the Fermi level when the effective correlation drops
below a critical value, while the Hubbard bands persist
[41, 42]. The onset of the QP and the redistribution of
spectral weight are governed by the ratio of the Coulomb
repulsion U and the hopping bandwidth t [42].
Application of pressure improves the overlap between
the orbitals leading to increased bandwidth t and re-
duced effective correlation U/t that eventually results
in a bandwidth-controlled Mott-Hubbard insulator-to-
metal transition. Thus, this simple model is capable
5of explaining the existence of the localized states in the
lower-energy band even above the IMT as suggested by
our present study [Fig. 3(b)]. The only discrepancy is re-
lated to the existence of the WLS that are absent for the
bandwidth-controlled IMT in the standard nondegener-
ate Hubbard model in single-site DMFT [41, 42].
We expect two possible reasons to be responsible for
the appearance of WLS: (i) The WLS may be caused by
lattice defects in the VO2 crystal. Possibly their density
increases notably due to the high strain imposed by ex-
ternal pressure [34]. Initially delocalized electrons in the
narrow QP are known to possess a high effective mass
due to strong correlation effects [6, 42] and, thus, may
be localized and bound to lattice defects. With further
increasing pressure and weaker correlation, the effective
mass should strongly decrease such that the binding en-
ergy of the localized states may drop below the energy of
thermal fluctuations at room temperature. As a result,
the bound states will be ionized and the WLS peak will
merge with the QP. (ii) The WLS may be an intrinsic fea-
ture of a realistic Hubbard model which goes beyond the
single-site approximation and includes all relevant bands
in VO2 and must be solved using contemporary calcula-
tion techniques [5, 43, 44]. Unfortunately, to the best of
our knowledge, no such modeling has yet been performed
for a pressure-induced metallic phase of VO2.
In conclusion, we have observed a pressure-induced
metallic monoclinic phase of VO2 above a critical pres-
sure pc of 6-8 GPa by using nonlinear pump–probe spec-
troscopy. The photo-induced response of VO2 above the
pressure-induced IMT is remarkably different as com-
pared to the temperature-driven transition. This be-
havior agrees well with the scenario of a bandwidth-
controlled Mott-Hubbard transition, where the strongly
correlated metallic phase appears due to a spectral weight
transfer from the Hubbard bands to delocalized states at
the Fermi level. Thus, the application of external pres-
sure provides a structural stability of VO2 and reveales
the purely electronic character of the insulator-to-metal
phase transition.
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DETERMINATION OF THE THRESHOLD
PARAMETERS
In order to determine the threshold fluence we fit the
fluence dependence of the pump–probe signal at the delay
time of 1 ps. For this purpose we use a phenomenological
fit function with bi-asymptotic behavior:
∆R
R
(Φ) = c ln
[
aes1Φ + (1− a) es2Φ] , (1)
with four independent positive fit parameters c, a, s1
and s2. In the limit of very large or very small fluences
one of the exponential terms dominates, and the fit func-
tion demonstrates a nearly linear dependence on Φ.
The threshold fluence Φth is defined as a fluence at
which the second derivative ∂2 ∆RR /∂
2Φ is maximal, i.e.,
the fit curve has the highest curvature. It can be shown
that this condition implies the equality of both exponen-
tial terms in Eq. (1) and, thus
Φth =
1
s2 − s1 ln
(
a
1− a
)
. (2)
In order to achieve a stable operation of the numerical
fitting procedure an equivalent version of Eq. (1) was
used:
∆R
R
(Φ,∆t = 1 ps) = (3)
c ln
[
es3Φth
1 + es3Φth
es1Φ +
(
1− e
s3Φth
1 + es3Φth
)
e(s1+s3)Φ
]
,
where the parameter a that exponentially approaches
1 is replaced by the well-defined threshold fluence Φth.
Also a new parameter s3 = s2 − s1 is introduced for
simplicity.
With the fit parameters Φth, c, s1, s3, the slope of the
low-fluence asymptote m1 can be derived by neglecting
the second exponential term in Eq. (3):
m1 = cs1 (4)
The width of the transition between the low- and the
high-fluence asymptotes can be estimated as the full
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FIG. S1. Pressure dependence of the FWHM parameter from
Eq. (5) normalized to the threshold fluence Φth (p).
width at half maximum (FWHM) of the second deriva-
tive of ∆R/R (Φ) with respect to the fluence Φ. One can
show that
FWHM =
2
s3
ln
(√
2 + 1√
2− 1
)
(5)
Thus, the FWHM is determined just by the fit param-
eter s3. Figure S1 shows how the unsharpness of the
threshold behavior (ratio of the FWHM to the thresh-
old fluence) changes with pressure. The pressure-induced
metallization leads to a less sharp threshold behavior due
to the onset of a finite slope m1 and the drop in the
threshold fluence. Nevertheless, the threshold behavior
remains sufficiently sharp in the whole studied pressure
range. The larger error bars at the high pressures are a
consequence of weak pump–probe signals and low thresh-
old values.
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FIG. S2. Raman spectra of VO2 at 5.5 GPa (brown) and
16.9 GPa (cyan). Arrows mark the positions of the phonon
modes plotted in Fig. S3.
RAMAN MEASUREMENTS ON PRESSURIZED
VO2
Pressure-dependent Raman measurements were per-
formed on a tiny, 10µm thick single VO2 crystal with
4:1 methanol-ethanol mixture as a pressure transmitting
medium. Figure S2 shows Raman spectra at selected
pressures below and above the IMT. The same set of
phonon peaks can be observed up to the highest pressure
indicating that the monoclinic structure is preserved. In
contrast to the temperature-driven IMT, we do not ob-
serve a signature of the rutile metallic phase, where the
sharp Raman peaks just disappear [1].
Figure S3 shows the frequencies of Raman modes as
function of pressure. The kinks around 12 GPa indicating
an isostructural phase transition are in agreement with
literature [2–5].
VO2 SINGLE CRYSTALS
The single crystals of VO2 [see Fig. S4] were grown at
the Oak Ridge National Laboratory using the methods
described in Ref. [6] and used in both Raman and pump–
probe measurements.
NEGATIVE PUMP–PROBE SIGNAL AT SMALL
NEGATIVE DELAY TIME
Below the critical pressure pc a small negative pump–
probe signal is observed for negative delay times around
0.5 ps getting more prominent for higher pump fluences
[see Fig. 1(a)]. The origin of this feature is related to
a pump-induced suppression of a portion of the probe
pulse that is reflected from the backside of the sample.
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FIG. S3. Pressure dependence of selected Raman modes in
VO2. The open symbol corresponds to a Raman spectrum
that was captured after the release of pressure. Color coding
corresponds to the arrow markers in Fig. S2.
FIG. S4. Single crystals of VO2
3Initially the sample is transparent for the probe light, but
when the portion reflected from the backside of the sam-
ple arrives the front surface excited by the pump pulse,
its transmission is decreased by the layer of photo-excited
free charge carriers. For fluences above the threshold the
surface layer is metallic, and the suppression is very ef-
ficient. A rough estimation with a sample thickness of
20-30 µm and refractive index of VO2 around 3.2 [7] re-
sults in the observed delay time of −0.5 ps, which corre-
sponds to temporal overlap of the probe pulse after the
round trip through the sample with the incident pump
pulse.
In the pressure-induced metallic phase the transmis-
sivity of the sample vanishes and no light reflected from
the backside of the sample can be detected. Therefore,
the artifact at the negative delay time cannot be ob-
served anymore for any pump fluence. Thus, the miss-
ing negative pump–probe signal beyond 6-8 GPa is an-
other evidence for a pressure-induced metallic phase [see
Fig. 3(d)].
RELAXATION TIMESCALES IN
PHOTO-EXCITED VO2
The relaxation time constants of photo-excited charge
carriers in pressurized VO2 can be determined by mono-
exponential fitting of the pump–probe traces at delay
times between 0.05 and 1.0 ps. In Fig. S5 the time con-
stants obtained from pump–probe traces corresponding
to pump fluences within an interval of 5 mJ/cm2 below
the threshold Φth are shown. The pump–probe traces
measured at these fluences provide the most reliable es-
timation of the relaxation time: At lower fluences the
signal-to-noise ratio is worse and at pump fluences be-
yond the threshold the long-lived signal affects the fit-
ting. In general, we observe that the relaxation time is
weakly dependent on the pump fluence.
The relaxation time constants for all three studied
samples have pressure-independent values scattered in
the range of 0.15 to 0.20 ps. Previous study demonstrated
similar values of the decay time [8]. There might by
a weak pressure dependence with slightly shorter relax-
ation time constants at pressures beyond 16 GPa. How-
ever, this could be an artifact caused by a decreased
signal-to-noise ratio for the data taken at highest pres-
sures where the signal amplitude becomes very low.
ENHANCED PHOTOSUSCEPTIBILITY IN THE
PRESSURE-INDUCED METALLIC PHASE
The amplitude of the pump–probe signal clearly in-
creases at the critical pressure. This effect of en-
hanced photosusceptibility is illustrated in Fig. S6, where
the pump–probe amplitude for constant pump fluence
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FIG. S5. Fitted relaxation time constants for pump–probe
traces corresponding to pump fluences within an interval of
5 mJ/cm2 below the threshold Φth as function of pressure.
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FIG. S6. Pressure-dependence of the pump–probe amplitude
for a constant pump-fluence Φ = 20 mJ/cm2. The traces are
calculated with the parameters obtained from the threshold
fitting and correspond to the three samples analyzed in Fig. 2.
Φ = 20 mJ/cm2 is plotted as a function of pressure. Here
we utilized the pressure-dependent parameters obtained
from the threshold fitting to calculate the pump–probe
signal at a delay time of 1 ps for particular pressures.
Starting from ambient conditions, for all three sam-
ples the pump–probe signal decreases until the critical
pressure is reached. This behavior as well as the sudden
increase of the pump–probe amplitude beyond the criti-
cal pressure is a direct consequence of the first increasing
and then dropping threshold fluence. The decrease of the
pump–probe signal ∆R/R at even higher pressures can
be explained by the rising number of pressure-induced
free charge carriers, as then the photo-induced relative
4change in the density of free charge carriers lowers.
Enhanced photosusceptibility also was found for the
temperature-driven IMT [9], but on the other side of the
phase transition. While we observed this enhancement
in the metallic phase, for the temperature-driven IMT it
appears in the insulating phase. There the enhancement
is due to the lowered thermodynamic barrier between the
monoclinic and rutile phase when the monoclinic phase
is heated [9, 10].
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